Introduction
In order to complete the flexible multi-body spacecraft attitude control, this chapter will research on the dynamics and attitude control problems of flexible multi-body spacecraft which will be used in the future space missions. Through investigating plentiful literatures, it is known that some important progress has been obtained in the research of flexible multi-body spacecraft dynamic modeling and fuzzy attitude control technologies. In the aspect of dynamic modeling, most models were founded according to spacecrafts with some special structures. In order to satisfy the requirement of modern project design and optimization, acquire higher efficiency and lower cost, researching on the dynamic modeling problem of flexible multi-body spacecraft with general structures and founding universal and programmable dynamic models are needed. In the aspect of attitude control system design, the issues encountered in flexible spacecraft have increased the difficulties in attitude control system design, including the high stability and accuracy requirements of orientation, attitude control and vibration suppression, high robustness against the different kinds of uncertain disturbances. At the present time, classical control theory and modern control theory are often used in flexible multi-body spacecraft attitude control. These two methods have one common characteristic which is basing on mathematics models, including control object model and external disturbance model. It is usually considered that the models are already known or could be obtained by identification. But those two methods which are based on accurate math models both have unavoidable defects for large flexible multi-body spacecraft. Until this time, the most advanced and effective control system is the human itself. Therefore, researching on the control theory of human being and simulating the control process is an important domain of intelligent control. If we consider the brain and the nerve center system as a black box, we only investigate the relationship between the inputs and the outputs and the behavior represented from this process, that is called fuzzy control. The fuzzy control doesn't depend on the accurate math models of the original system. It controls the complicated, nonlinear, uncertainty original system through the qualitative cognition of the system dynamic characteristics, intuitional consequence, online determination or changing the control strategies. This control method could more easily be realized and ensured its real time characteristic. It is especially becoming to the control problem of math models unknown, complicated, uncertainty nonlinear system. Accordingly, large flexible multi-body spacecraft attitude control using fuzzy control theory is a problem which is worth researching.
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Attitude dynamic modeling of flexible multi-body spacecraft
Mathematics model is the basement of most control system design. Dynamic modelling is to describe the real system in physics world using models in mathematics world. Mathematics model provide the mapping from input to response, the coincidence extent between the response and the real object being controlled represent the quality of the model. Mathematics model world is totally different from physics system world, so a real physics object being controlled can not be constructed exactly by mathematics models. Therefore, engineers intend to establish a model which can reflect dynamic characteristics of spacecraft system, as well as the controller design based on the model can be applied into the real system. In this section, the attitude dynamic equations of flexible multi-body spacecraft with topological tree configuration have been derived based on the Lagrange equations in terms of quasi-coordinates. The dynamic equations are universal and programmable due to the information of system configuration being introduced into the modelling process.
Description of system configuration 2.1.1 Coordinate system definition
The movement of spacecraft is always described in a reference coordinate, several coordinate systems used in the attitude dynamic modeling process are as follows: . If the central body of the spacecraft system is rigid, the origin of orbit coordinate system is coinsident with the origin of central body coordinate system, according to the analysis result of mass matrix (Lu, 1996) , choosing frames like this can eliminate the coupling term of rigid body translation and rotation., as well as
Description of flexible multi-body system using graph theory
Graph theory (Wittenburg & Roberson, 1977 ) is a useful tool to describe topological configuration, here several relative concept were given before we using it to do more research. Oriented graph description: multi-body system can be described using gemel and its adjacent objects, if we express the objects in system using the vertex, express gemels using arc, then topological configuration of multi-body can be expressed as a oriented graph
There is a bijection between the collection of vertex V and the collection of objects and also a bijection between the collection of arc A and the collection of gemels. A www.intechopen.com description of multi-body system with topological tree configuration using oriented graph is shown in figure 2 . i H represent Gemels, and i B represent objects. Fig. 2 . Description of multi-body system using oriented graph
Regular labelling: Regular labelling approach is specified as follows: 1. The adjacency object of the root object 0 B is defined as 1 B , relative gemel defined as 1 H ;
2. Each object has the same serial number with its inboard connected gemel; 3. Each object has a bigger serial number than its inboard connected object; 4. Each gemel has a deviated direction from the root object 0 B .
Multi-body system shown in figure 2 is numbered in accordance with rules
Inboard connected object array: according to the regular labelling approach, label the N objects of spacecraft system. Define a N order one dimension integer array () 
Access matrix of the system with topological tree configuration shown in figure 2 can be written as: 
Recursion relationship of adjacency bodies kinematics
Considering the kinematics relationship between flexible body i and flexible body j , () jL i = . According to figure 2, we know that : Vector equation (5) can be written in form of matrix as follows:
From Eq. (6) and Eq. (7), we obtain 
where is the serial number collection of objects in the access from object 1 
We make several definitions as follows:
Upon that the origin velocity of arbitrary flexible body coordinate system can be expressed using access matrix as follows:
where () i T represents the i row of access matrix T .
Dynamics modeling based on quasi-Lagrange equations 2.4.1 Quasi-Lagrange equations
Quasi-Lagrange equations is a kind of improvement of classical Lagrange equations, on one hand they have the advantage of normalized derivation, on the other hand they can reserve the presentation form of dynamics equations of rigid body. Therefore they are applicable for researching the dynamics problem of large spacecraft. Using quasi-Lagrange equations system dynamics can be expressed as follows:
where L is the Lagrange function of system, LTU = − , T is the kinetic energy of system, is the potential energy of system, is the dissipated energy of system; b 
Lagrange function
Using Lagrange equations to found the system dynamics model, firstly, we should calculate the kinetic energy and potential energy of each body in the system, then add them together in order to get the total kinetic and potential energy of the system, finally obtain the Lagrange function.
Kinetic energy of system
The kinetic energy of flexible body i expressed by generalized velocity is as follows:
The generalized velocity i υ in the above formula is defined as:
where i R is the floating coordinate system origin velocity of the flexible body i ; ai ω is the floating coordinate system origin angular velocity of the flexible body i ; i q is the deformation modal coordinate of the flexible body i . i M is the mass matrix of the flexible body i , which is defined as:
The specific expression of each sub-matrix can be found in reference written by Lu.
Upon that the kinetic energy of the flexible body i can be written as follows:
The entire kinetic energy of the system can be expressd as: 
where b K is the rigidity matrix of the central body, 
If we only consider about the deformation energy of the spacecrfta structure, the potential energy of the system can be expressed as:
where
Define bm ξ is the damping coefficient corresponding to bm p of the central body 1 B , then the dissipated energy of the central body can be expressed as:
where b D is the damping matrix of the central body,
Define im ξ is the damping coefficient corresponding to im p of the flexible body i B , then the dissipated energy of the flexible body i B can be expressed as:
where i D is the damping matrix of the flexible body
Upon that the dissipated energy of the system can be expressed as:
where 
Dynamics equations of the system

Translation equations of the central body
() 
Acquisition of generalized extraneous force
In order to acquire the explicit equations of the system dynamics, we need to express the generalized force in Lagrange equations (17) The virtual work of the system expressed by actual force and moment can be written as: 
Design and analysis of variable universe fractal fuzzy controller
After several decades of effort, we have achieved great success in terms of the research on the attitude control of flexible multi-body spacecraft. However, it still need to base on the precise mathematical model. On one hand, this kind of spacecraft has complicated dynamics characteristics including low rigidity, high flexibility, weak damping, low first order and intensive modal due to the launch weight limit and the configuration symmetry; On the other hand, it is difficult to establish the precise mathematical of flexible multi-body spacecraft. All about these factors challenge the classical and modern control theory which depends on precise mathematical model. However, the fuzzy control theory does not need the accurate model of system, which is suitable for the control problem of complicated large system. Nevertheless, the main disadvantages of general fuzzy control are the limited control accuracy and adaptive ability. Upon that, fuzzy control theory only has a few applications in astrospace fields. Variable universe fuzzy control is a primary method for improving the performance of the fuzzy controller (Li, 1995) . Input and output variables values change in rationally in the variable universe fuzzy control system. Adaptive variable universe fuzzy control problems have already been researched on (Si & Li, 2007) . In that research real-time calculating shrinkage parameters are applied. However, real-time calculation of the shrinkage parameters will lead to the real-time shrinkage of the universe, consequently it can not constrain the future input signals by rules, which practicality requires future research. Aiming at this problem, variable universe fractal fuzzy control method is introduced into the fuzzy control system, which could avoid the real-time calculating of the shrinkage parameters, make the contracted universe practical.
Attitude dynamics simulation model of spacecraft system
The dynamics equations of flexible multi-body spacecraft with topological tree configuration obtained in section 2 is strongly nonlinear. In this section we only research on the spacecraft attitude control problems. In order to design the attitude controller conveniently, we usually form such hypotheses as follows: 1. Consider the central body of large complicated configuration flexible spacecraft as rigid. 2. The central body coordinate system has its origin at the mass centre, so the displacement and velocity of the mass centre has little effect on attitude of spacecraft. 3. There is not any distributed control force on the flexible appendages usually in project. 4. The angular velocity of the central body, the angular velocity of the flexible appendages relative to the central body and the vibration velocity of the flexible appendages usually are very small, so we could ignore the high order nonlinear coupling item caused by them. Through all above simplification, we obtain the finally spacecraft dynamics equations with uncertain moment of inertial as follows: In order to avoid the large angle singular problem caused by using Euler angle, we adopt Modified Rodrigues Parameters (Crassidis & Markley, 1996) to describe the spacecraft kinematics as follows: From the flexible spacecraft dynamics and kinematics equations we know that the rigid attitude motion and the flexible vibration interact with each other. On one hand, extraneous force makes the attitude changed, at the same time, it also cause the flexible deformation. On the other hand, any deformation of the flexible body could cause the attitude angular changes. Otherwise, there is also some disturbing torque directly influence the rigid attitude motion, such as gravity gradient moments, atmosphere resistance moments, solar pressure moments and geomagnetic moments. Upon that, in order to ensure the attitude control accuracy, the designed controller is supposed to have the ability to suppress the disturbance efficiently and have the adaptation in the interaction between the rigid and flexible bodies. 
There is some research on the efficiency of several kinds of shrinkage parameters in the literature written by Pan X. F. The conclusion is that these several kinds of common shrinkage parameters can not improve the fuzzy controller performance efficiently. In order to avoid the real-time contracting problem of universe, we try to introduce the fractal control strategy into the variable universe fuzzy control system.
Fractal control strategy
A kind of fractal control strategy has been proposed by literature written by Xu J. B., which is formulated beforehand, and has only finite times fractal. Therefore, it can not obtain high interpolation accuracy. The improved fractal control strategy in our research is proposed as follows:
First of all, define the initial universe of the inputs , ee and output u as To this analogize, through the process of the program operation, system will has infinite times fractal until the accuracy satisfies the requirement. This fractal strategy has advantages in following aspects: 1. The time to have a fractal and the expansion and compression scale of universe are determined according to the variation of input error value, not chosen beforehand by person, so it has a certain degree of universality to different control sysems. 2. Infinite times of fratal makes the distance between the interpolation points of the interpolator as the mathematical essence of fuzzy controller enough small, therefore the interpolation precision could meet an arbitrary given 0 ε > , achieve the effect of dynamic pointwise convergent interpolator, suitable for any high precision control preblems. 3. The universe variation of the error derivation and the output variable are related to the universe expansion and compression of the error. Under the same control rules, multistage microform of the overall control information is realised, truly achieve the effect of combining the multistage coarse control with the fine control. Avoiding the complicated derivation of adaptive law and provement of stability in adaptive controllers, the stable high precision control with a certain degree of robustness can also be accomplished by using this approach.
Numerical simulation
In order to demonstrate the effectiveness of the proposed control strategy, we discuss a large angle attitude maneuver problem of a flexible multi-body spacecraft. We supposed that the spacecraft initial attitude is The input and output of the controller both has 7 fuzzy subsets, respectively expressed by NB, NM, NS, ZR, PS, PM, PB. Because choosing linear or nonlinear membership functions has little influence on the fuzzy control effect, meanwhile using triangle has advantage of convenient and quick for calculating (Kruse, 1994) , we adapt triangle membership function in our simulation, coincidence degree of neighbour fuzzy subsets is 0.5, Simulation results are shown in follow figures, in order to make a comparison, the control effect of the fixed universe controller is given at the same time. Fig. 5 and Fig. 6 give the variation of the spacecraft attitude angles and modal coordinates of flexible appendages with time, and the control effect when the spacecraft moment of inertial increases 20 percent under the action of variable universe fractal fuzzy controller. Fig. 7 and Fig. 8 give the variation of the spacecraft attitude angles and modal coordinates of flexible appendages with time, and the control effect when the spacecraft moment of inertial increases 20 percent under the action of fixed universe fuzzy controller. Take the actual attitude angles and attitude angular velocity of 2000-6000 seconds when the system has been stable as statistical data, calculate the 3σ value of attitude control accuracy and attitude stability under the action of two kinds of fuzzy controller both in the normal condition and in the condition when the moment of inertial increases 20 percent as shown in Table 3 .
( ) From the simulation results, we know that the variable universe fractal fuzzy control has shorter dynamic adjusting time, faster response, smaller overshoot and higher static precision compared to the fixed universe fuzzy control. Meanwhile, it is insensitive to the variation of moment of inertial parameters, in other words, it has good robustness and adaptability to the model uncertainty of spacecraft. Besides, it could suppress the vibration of flexible appendages due to the attitude maneuver efficiently, then assure the attitude control precision of spacecraft. 
Conclusion
In this chapter, we research on the flexible multi-body spacecraft attitude dynamics and control problem. By using quasi-Lagrange equations, we have established the attitude dynamic equations of flexible multi-body spacecraft with topological tree configuration in section 2. The information of the system configuration has been introduced into the process of modelling, therefore the proposed attitude dynamic equations are universal and programmable. Then variable universe fractal fuzzy control method is developed in section3. The strongly nonlinear attitude dynamics equations are simplified under several reasonable hypothesizes. In order to avoid the disadvantage of using shrinkage factor, fractal control strategy is introduced into variable universe fuzzy control system. Finally we have demonstrated the effectiveness of the proposed control method through numerical simulation. The simulation results show that variable universe fractal fuzzy controller could accomplish the flexible multi-body spacecraft attitude control mission with good dynamic performance and high static precision.
